INTESTINAL OBSTRUCTION by Hartwell, John A.
INTESTINAL  OBSTRUCTION.* 
BY JOHN  A. HARTWELL, M.D. 
(From Cornell University Medical College, New York.) 
Whipple, Stone, and Bernheim  I studied the cause of death in dogs 
with high intestinal obstruction, by producing a  closed loop of the 
duodenum, beginning just  below  the  pancreatic  ducts  and  ending 
beyond the  suspensory ligament.  This portion  was  isolated  from 
• the remainder of the intestinal tract by tying a heavy ligature tightly 
at these two points, and burying it under an inverted layer of the 
peritoneum.  A gastro-enterostomy was then done.  Dogs so treated 
died in from thirty-six to seventy-two hours.  The authors inferred 
from this that there developed in the closed loop a poisonous material, 
the absorption of which caused death.  Since the closed loop con- 
tained neither gastric secretion, bile,  nor pancreatic juice, the con- 
clusion seemed inevitable that  some alteration in the loop function 
was responsible for death. 
A  series of careful and well controlled experiments was then under- 
taken to study the nature, and if possible, to determine the source 
of the poison.  The method employed was to-produce the isolated 
loop, collect the cor~tents, sterilize them by heating to 60 °  C., filter- 
ing them, and then, after autolysis, to inject them into a healthy dog, 
intravenously, subcutaneously, or intraperitoneally.  It was demon- 
strated  in this way that  dogs so injected died promptly.  Further, 
the authors were unable to  isolate such a  poisonous material  from 
the normal intestine by any method of treatment; and if the mucosa 
of the loop were first  destroyed by a  fluoride, the poisons did not 
appear.  Lastly, some dogs died within a  few days, when the loop 
was drained externally, there being an absorption directly from the 
mucosa, and not from the lumen. 
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The  authors  summarize,  in  part,  as  follows:  "There  seems,  therefore,  no 
escape  from  the  conclusion that  a  poisonous  substance is  formed  in  this  closed 
duodenal  loop  which  is  absorbed  from  it  and  causes  intoxication  and  death. 
Injection of this toxic substance into a  normal dog gives intoxication and a  reac- 
tion  more  intense  than,  but  similar  to  that  developing  in  a  closed-loop  dog. ''2 
..."The  mncosa  of  closed  or  drained  duodenal  loops  contains  a  toxic  sub- 
stance quite similar to the toxic material found in the lumen of the closed loops." 
.  .  .  "Normal  intestinal  mucosa  contains  no  toxic  substance  nor  can  it  neu- 
tralize in  vitro  the  toxic  substance  produced  in  the  closed  loops. 3  .  .  .  Our  ex- 
periments show that formation and absorption of a  toxic  substance may proceed 
in a  loop  whose blood  supply  has been in no  way  disturbed,  and  whose  mucosa 
is quite intact both in gross  and microscopically."  The authors  apply  their find- 
ings to  the condition of  simple intestinal obstruction,  and  state it as  their belief 
"that  the  toxic  material  concerned  is  the  same  in  both instances.  TM  They  add: 
" Our  experiments  indicate that  intoxication  is  the  primary  effect,  and  the  loss 
of body fluids a  secondary one, rather than the reverse, as is claimed by Hartwell 
and  Hoguet. ''~  In  substance,  they  claim  to  have  proved  that  a  closed  loop  of 
intestine,  without  undergoing  any  morphological  change,  produces  a  toxic  sub- 
stance which is absorbed and causes  death.  Moreover,  they infer that a  similar 
condition exists  in  simple intestinal obstruction, and that here also  death  results 
from  the absorption  of  this same poison. 
We  fail to find any evidence in their experiments, as published, 
to justify these claims.  On the contrary, we find that the protocols 
definitely show a  damage to the intestinal wall,  and that the toxic 
substance  they are  dealing with  arises  from  this  source.  In  the 
absence of this damage no toxemia is present except that produced 
by  the  loss  of  water  in  the  vomitus.  We  submit  the  following 
review of their protocols in support of this view. 
Dog  S-34:--Moribund  in  twenty-seven  hours.  Killed  with  ether.  Autopsy 
immediately.  " The  duodenal  loop  is of  enormous  size."  .  .  .  " Purplish  patches 
show  through the transparent serosa ....  "  The contents are blood-stained. 
Microscopical  Examination. z-'' In  places  the  wall  of  the  duodenum  shows 
necrosis, hemorrhage,  and invasion by leucocytes." 
Dog S-27.S--Died  in thirty-two hours. 
Autopsy.--"  The  duodenal  loop  is  contracted  and  contains  a  little  material. 
Its  walls  show a  few areas  of  subserous  hemorrhage,  about  I  or 2  era.  in  diam- 
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eter.  There is obvious necrosis  associated with these areas,  and  through  one of 
them  rupture  had  taken  place,  with  escape  of  duodenal  loop fluid  into  the peri- 
toneum."  No  microscopical examination  is  given. 
Dog  S-2o.9--Death  in  forty-eight  hours,  ioo  c.c.  of  fluid  are  in  the  loop. 
"The  closed loop mucosa is pinkish  and  a  little swollen, but no ulcers  are pres- 
ent."  The proximal loop was not tight, and some fluid had probably regurgitated 
into the stomach. 
Dog  56.10--Death  in  fifty-five hours.  Remained  well  for  twenty-four  hours. 
Autopsy.--" The  abdominal  cavity  is  clear  except  for  slight  granular  peri- 
tonitis  about  the  loop  and  area  of  operation."  .  .  .  " The  small  intestine  below 
the loop contains blood-stained  mucus,  and its mucosa has  a  mottled appearance, 
with large areas of deep  red color where the capillary  injection is quite  marked. 
The duodenal loop is  rather  flabby,  and  not greatly distended.  It contains about 
5o  c.c.  of  a  thin  soup-like,  faintly blood-tinged  fluid.  The  loop  mucosa  is  quite 
intact,  but  of a  delicate pinkish  tinge."  No  microscopical examination  is  given. 
Dog  S-53.11--Death  in  three  days.  Seemed  well  for  twenty-four  hours. 
Autopsy.--The  condition of the loop mucosa is not given;  it is  merely stated 
that  it  is  pink  and  intact.  No microscopical examination  is  given. 
Commenting on these four experiments the authors  say:  "The  duodenal loop 
may show a normal intact mucosa in gross and microscopically, except for a  little 
diffuse injection.  Again it  may show  necrosis,  ulceration,  and  hemorrhage,  and 
the  contained  fluid  may  vary  correspondingly  in  characteristics,  but  it  always 
contains  a  toxic  substance. ''12  In  only  one  case,  however,  is  a  microscopical 
examination  given,  and  then  marked  changes  were  found,  while  in  the  others 
evidence of  change  was  seen grossly.  The  length  of  life seems  directly to  cor- 
respond  to  the  lack  of  damage  found  in  the  mucosa,  as  demonstrated  by  the 
reported  findings  in  dog  S-53, which  lived  for  three  days. 
The following protocols give the conditions found in the duodenal loop, when 
the  dog is killed at  the end  of twenty-four  to  twenty-eight hours.  In  one  case, 
dog  S-4, x3  the  contents  were  blood-tinged,  due  to  inversion  of  the  duodenal 
mucosa.  " The  mucosa  throughout  the  loop  is  intact,  but  slightly  swollen  and 
of a  pinkish  color." 
Microscopical  Examination.--" The  tips  of  a  few  of  the  villi  are  slightly 
swollen,  and  contain  a  few  polymorphonuclear  leucocytes.  The  epithelium  is 
normal  throughout." 
Dog  S-2.~4--In  twenty-six  hours  the  duodenal  loop  contained  blood-tinged 
fluid; in places,  on microscopical examination,  " it shows  some areas  of necrosis 
with  hemorrhage  and  invasion by  pus  cells,  involving mucosa  and  submucosa." 
Dog  S-5.15--The  loop  contained  Mood-tinged  fluid. 
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Microscopical  Examination.--" The duodenal  loop is  quite  normal."  In two 
dogs,  S-28  and  8-29, ~6  the  duodenal  loop  contents  were  not blood-tinged,  and 
the  mucosa, on  gross  examination,  seemed normal,  though  no  microscopical 
examination  is given. 
These  dogs were  all  in  fair condition  when killed, being  described  as  "dull 
and  drowsy,"  "weak,"  "pulse  strong, .... somewhat  dull, but  not  very  toxic." 
The incipient damage to the mucosa, as shown in these cases by the blood-tinged 
fluid  and  the  microscopical examination,  explains  the  cause  of their  condition. 
We cannot  reconcile a normal  mucosa with  a  blood-tinged  content,  as  reported 
in dog S-5. 
Dogs  S-z2  and  S-9.17--Both  dogs  were  killed after  forty-four hours,  and 
were apparently  in  ialr condition, dog S--9 showing a carotid  pressure  of IOO to 
IiO  ram. of  mercury,  with  almost  normal  pulsation.  There  were  no  visible 
changes  in the  loop mucosa, either  on gross examination  or microscopically. 
Dog S-38.~S--The  dog was killed after forty-eight hours,  his condition  being 
"somewhat  toxic."  " The blood pressure  was practically  normal and  the  pulse 
regular."  . . . "The duodenal loop contains 20 to 30 c.c. of a strawberry colored 
thick  fluid.  The  loop  shows  a  diffuse pinkish  mucosa, no  ecchymoses, and  no 
ulcers." 
These three dogs were killed after from forty-four to  forty-eight 
hours,  when  in  good  condition," and  no  change  was  found  in  the 
mucosa.  If  the  enclosed  secretion  from  the  mucosa  itself  is  the 
active poison, the absorption of which, by the mucosa, causes death, 
why are  the  dogs not  made  more ill ?  We  believe  it  is  because  in 
these  individual cases the mucosa was not so severely damaged.  If 
we compare them with group I, in which the dogs were allowed to 
die,  and with the group immediately preceding, where  at the end of 
approximately  twenty-four  hours  the  dogs  were  apparently  more 
toxic,  and  a  definite  change  in  the  mucosa was  found,  we  cannot 
escape the  conclusion,  from a  careful analysis of the cases,  that the 
severity of the toxic symptoms is in direct ratio to the damage done 
to the mucosa. 
In  their  injection  experiments 10  the  authors  prove  beyond  ques- 
tion that they have obtained  from the  contents  of the closed loop a 
substance,  which,  after  sterilization  by  heat  (6o  ° C.  for  thirty 
minutes)  and  filtering through a  Gooch or other porcelain  filter,  is 
very poisonous, and will cause death.in a  few hours, if it be injected 
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into the vein, the peritoneum, or the subcutis of a  dog.  Autolysis 
under toluol and chloroform does not destroy the toxic substance. 
Poisoning by these injections is not evidence that the materials are 
absorbed  from the obstructed intestine, as  is pointed out by Hart- 
well and' Hoguet3  ° 
Whipple, Stone, and Bernheim find that a  similar poison can be 
extracted from the mucosa (not the loop content) of a non-drained 
or  a  drained  closed  loop,  injection  of  which  into  dogs  produces 
severe toxic symptoms.  21  They argue from this that the substance 
with which they are dealing is elaborated in the mucosa of the closed 
loop, and that  some unknown force is  at  work which profoundly 
Mters the activity of the epithelial cells.  Yet they emphasize the fact 
that there is no demonstrable change from the normal.  Where do 
they conceive this toxic substance to arise ?  They disprove Draper 
Maury"s contention that it is a normal output of the mucosa, which 
is poisonous unless neutralized with fluids from other portions of the 
alimentary tract, by showing that duodenal loop fluid, digested with 
normal intestinal mucosa, loses none of its toxicity.  22  With a nor- 
mally secreting mucous membrane, undergoing no change from the 
normal, it is difficult to conceive how it rapidly forms a  very toxic 
material which is directly absorbed from it into the general circula- 
tion, with resulting death.  It seems inevitable that severe changes 
take place in the mucosa,--they are usually demonstrable,--and that 
the toxic material comes from this alteration in the mucosa.  In all 
cases where death occurs from the closed loop itself, some evidence 
of damage to the mucosa is described, and the severity of the symp- 
toms runs parallel to the severity of the demonstrable damage. 
A careful study, therefore, of the findings of these authors makes 
us unwilling to accept their conclusion that a  poisonous substance 
is  poured  out  by  a  normal  mucosa,  or  elaborated  and  directly 
absorbed by the normal cells, which substance produces the  toxic 
symptoms in simple high intestinal obstruction.  In  discussing the 
results obtained by Hartwell and Hoguet,  2a  who kept dogs with a 
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simple  obstruction  alive  by  simply  replacing,  with  normal  saline 
solution,  the  fluid  lost  in  the vomitus,  Whipple,  Stone,  and  Bern- 
heim say that the benefit derived "is due to dilution and elimination 
of the toxic material by this means, and the development of a gradu- 
ally increasing immunity which can be sho.wn to appear in dogs after 
intravenous injection of the toxic substance.  TM  Yet they report con- 
elusive experiments showing that their toxic substance exists neither 
in the blood of a  closed-loop dog, nor remains for two. hours in the 
blood of a dog that has received a lethal dose intravenously3  5  It is 
difficult to comprehend, then,  how saline solution given once a  day 
is capable of washing out a substance from the blood, which, within 
two or three hours, is "fixed by the cells or partly destroyed," and 
which, if not washed out,  will inevitably cause death.  If this  were 
possible,  one ought  to  find a  cure  for organic poisons  by  a  hypo- 
dermoclysis, and, similarly, the closed-loop dogs ought to be saved by 
this means. 
In commenting on the claim of Hartwell and Hoguet,  26  that this 
action  of  salt  solution  is  a  strong  argument  against  an  essential 
toxemia, and that the loss of water is the important factor, Whipple 
and his associates say: "One might argue in the same manner that 
the appearance of sugar in the urine is the cause of diabetes."  The 
analogy is  incorrect.  Were it  possible  to  alleviate diabetes by the 
subcutaneous injections of sugar, to the extent that obstruction may 
be alleviated by injections of saline solution,  the analogy would be 
acceptable, the loss of sugar being the prime factor in one case, and 
the loss of water in the other. 
Moreover, the most potent argument of Hartwell and Hoguet  =7 in 
this connection,--a normal starving metabolism when saline is given, 
and a  completely deranged one when it  is  withheld,  as  determined 
by Benedict,--is entirely ignored by Whipple,  Stone, and Bernheim. 
It  is  our  contention that  the  experiments cited by these authors 
have no bearing on the subject of uncomplicated obstruction.  They 
show,  however, that  a  damaged intestine will  produce a  substance 
which is very poisonous if it gain access to the blood. 
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We  feel,  therefore,  that  instead  of  reversing  the  findings  of 
Hartwell  and  Hoguet,  ~s  the  experiments  of  Whipple,  Stone,  and 
Bernheim give additional proof to the belief of the former that there 
is no primary toxemia in  intestinal obstruction in the absence of a 
complicating injury tO the intestinal wall. 
Since clinical intestinal obstruction is almost invariably associated 
with a  damaged intestine, it is  fair to assume that a  poison is pro- 
duced with this condition.  That this poison can cause a great flow of 
fluid into the intestinal lumen with vomiting, is also accepted, and is 
an important fact.  We have no evidence, however, that this is the 
only  factor at  work in  producing this  outflow,  and  from the  fact 
that the latter takes place in simple obstruction, when no toxic sub- 
stance is  present,  almost entirely from above the obstructed point, 
it is probably due to the irritation on the mucosal cells of the retained 
secretions  of  the  glands  of  the  stomach,  liver,  pancreas,  and  du- 
odenum.  The closed-loop dogs vomit a little, but simple obstruction 
dogs often vomit IO per cent. of their body weight in one day. 
We therefore consider that the lead of Hartwell and Hoguet must 
be  followed  in  differentiating obstruction  alone  from  obstruction 
with damage to the intestinal wall, however slight, if accurate results 
are to be obtained.  As yet no one has reported the production of a 
closed loop in the upper intestine without considerable damage to the 
wall,  and  the  experiments  are  therefore  not  applicable  to  simple 
obstruction. 
The  following results of a  low obstruction bear out our conten~ 
tion that the poison arises from a damaged intestine.  In these cases 
saline solution injected subcutaneously will not save life. 
Dog  85.--The  obstructing  clamp  was  applied  to  the  ileum  63  cm.  above  the 
cecum.  The dog received large amounts  of saline, but died in  forty-four hours. 
Mutopsy.--The  intestine  is  enormously  distended  for  16o  cm.  above  the  ob- 
struction.  This  part  of  the  intestinal  wall  is  markedly  damaged,  there  being 
numerous  hemorrhages  in the mucosa extending  outward  to the peritoneum. 
Microscopical  Examination.--The  mucous  membrane  is  destroyed,  Edema 
is  present  throughout  all  coats.  A  beginning  purulent  exudate  is  seen  in  the 
intestinal wall. 
Dog  86.--The  clamp  is  applied  4o  era.  above  the  cecum.  The  dog  remained 
in  excellent  condition  for  three  days,  having  vomited  only  3oo  e.e.  and  having 
received  i,ioo  c.c.  of  saline  subcutaneously.  After  this  he  grew  rapidly  sick, 
and  was killed when nearly moribund  two  days later. 
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Autopsy.--No  peritonitis.  Obstruction  complete.  The  intestine  is  moder- 
ately distended for 50 cm. above the clamp.  There is no evidence of gross damage 
to the intestinal wall,  except immediately above the clamp, where there is a hem- 
orrhagic area in the mucosa 2 cm. in diameter, with beginning necrosis. 
Microscopical Examination.--There is an almost complete necrotic destruction 
of mucosa through this  area.  The other layers are edematous  and  show acute 
exudative inflammation. 
Dog  87.--Obstruction  of  the  lower  ileum.  The  dog  remained  in  excellent 
condition for seventeen days, when he was killed  with  ether.  During this  time 
his total output was 3,950 c.c., and he received 6,600 c.c. of saline,  subcutaneously, 
an average respectively of 232 and 388 c.c. per day, which is  less  than  half the 
quantities  found in a  high obstruction. 
Autopsy.--Obstruction  complete.  No  peritonitis.  At  only  one  point,  about 
20  cm.  above the obstruction,  was  there  a  gross change in  the  intestine.  Here 
a  superficial  ecchymosis,  5  ram.  in  diameter,  was  found.  The  intestine  above 
the clamp was only moderately distended. 
Microscopical Examination.--The spleen,  kidneys and liver are normal except 
for  slight  congestion.  The  intestine  shows  a  slight  congestion,  but  otherwise 
is normal. 
A  study of these  cases clearly demonstrates  that the length of life 
is in inverse  ratio  to the damage occurring in the  intestine.  All the 
animals  were  under  practically  identical  conditions  as  far  as  the 
stagnation  of the  intestinal  contents  is  concerned,  and  if the  poison 
arose  from  this  source,  or  from  functional  changes  in  the  mucosa, 
they should  have  lived  approximately  the same  time.  A  simple  ex- 
planation  is  forthcoming  for  the  varying  damage  to  the  intestine. 
When  antiperistalsis  is  sufficient  to empty  the  intestine  toward  the 
stomach,  no  damage  results.  When  this  is  absent  the  accumula- 
ted  secretions  distend  the  bowel  until  the  circulation  is  obstructed 
and  the  damage  results.  The  administration  of  saline  subcutane- 
ously exerts no influence either on the production of the poison under 
this condition,  its  absorption,  or its elimination,  and the  dogs sicken 
and  die  in spite  of this  treatment.  The  following case  of duodenal 
obstruction  demonstrates  this  further. 
" Dog  Io3.--The  middle  of the  duodenum  was  sectioned  and  the  ends  were 
closed by inversion.  500 c.c. of saline were given daily,  and the animal remained 
in perfect condition for ten days.  In addition it was given all the water it would 
drink,  which was taken  in  large quantities.  On the eleventh  day the  dog sud- 
denly sickened and was killed with  ether when nearly moribund. 
Autopsy.--Performed  immediately.  Obstruction  complete.  No  peritonitis. 
The  stomach  and  duodenum  are  greatly  distended.  The  pylorie  region  shows 
very  severe  damage  to  the  mucosa,  there  being  large  patches  of  hemorrhagic 
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Microscopical  Examlnation~--The  kidney  shows  marked  congestion,  and  a 
severe grade of granular degeneration  in the cells.  Similar changes  are found 
in the liver.  In the intestine  below the obstruction  there is  only slight  conges- 
tion.  Above the obstruction the walls are much thickened.  All the coats  show 
edema.  There is  marked  exfoliation of the epithelial  cells of the mucosa.  A 
purulent infiltration  of the mucosa  and  submucosa is present.  In this case  the 
added distention  of the stomach  and duodenum  resulting  from the free inges- 
tion of water  caused  a  severe circulatory disturbance  with consequent  damage 
to  the  mucosa.  The  subcutaneous  injection  of  saline  had  no  effect on  the 
absorption or the elimination  of the resulting poison, and the dog  died. 
Dogs similarly treated, but not receiving water by mouth,  do not sicken, and 
will live indefinitely except for starvation.  Autopsy then shows a normal intes- 
tine and gastric mueosa. 
Bunting  and  Jones, 29  in  describing  the  results  of  their  experi- 
ments on intestinal obstruction in rabbits state that the animals lived 
only a  few days,  and  that they did not vomit or lose any consider- 
able amount of water.  They argue, therefore, that the theory which 
considers  the  loss  of  water  as  the  essential  cause  of  death  cannot 
be true  for rabbits.  We cannot accept this  evidence as  bearing on 
the  condition  in  dogs,  though  Bunting  and  Jones  seem  to do  so. 
Many  rabbits  will die  in  six  days  from simple  starvation,  even  if 
given water freely (Mendel and Rose).3°  Bunting and Jones starved 
the  rabbits  for one to two days before operation.  A  major  opera- 
tion was done, and the animals then received neither water nor food. 
Death might be expected, therefore,  in a  few days,  in many of the 
rabbits  the  only  explanation  being  inanition.  An  animal  that  has 
such  a  precarious  hold  on  life  is  unsuited  for this  work,  and  the 
results  cannot be compared with  those  found in  dogs,  as  the  latter 
readily withstand  starvation  for periods  of many weeks. 
Hartwell  and  Hoguet  ~1  reported  a  dog  as  in  no  way  inconveni- 
enced by a  complete pyloric obstruction for a period of fifteen days. 
Bunting and  Jones  found  that  rabbits  so  treated  died  in  one  day. 
Obviously  there  is  a  difference  in  the  animals,  and  the  results 
obtained  with  rabbits  can not be  used  to  contradict those  obtained 
in dogs. 
Our  experiments  show  many  other  examples  which  might  be 
cited  to  show that  in  the  absence  of  a  damage  to  the  intestine  no 
29 Bunting,  C. H., and Jones,  A.  P., four.  Exper. Med.,  1913, xvii, 192. 
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symptoms of poisoning arise, provided the water lost by vomiting 
is replaced, and in the presence of such damage no amount of saline 
will,  to an appreciable extent, affect the development of poisoning, 
or  prevent  death.  The  conclusion seems  inevitable that  the  only 
poison present in intestinal obstruction arises from the damage sec- 
ondary to the obstruction, and not from the stagnation of intestinal 
contents or an altered function of a  normally appearing mucosa. 
As final proof of our position, we may report that by exercising 
great care in avoiding damage to the intestinal wall, we find it pos- 
sible to keep dogs with the closed loop alive for comparatively long 
periods.  A  further communication will deal with these experiments 
in  detail. 
The  application  of these  facts  to  intestinal  obstruction  in  man 
must  be  made  with  reserve.  The  human  intestine  is  apparently 
incapable  of  withstanding the  same amount of  distention  without 
damage,  and  consequently a  poisoned  condition  occurs  earlier  in 
man.  However, there are two important results of this experimental 
work.  The  need  of  large  amounts  of  saline  subcutaneously  is 
proved,  and  has  been used by us  with  advantage,  patients  having 
readily absorbed three to six quarts in twenty-four hours.  There is 
no necessity of draining out the intestinal contents unless the bowel 
is damaged.  Simple stagnation does not yield a poisonous substance, 
and consequently the release of the obstruction by operation is suffi- 
cient.  When, however, strangulation has begun, the material above 
the obstruction should be removed, and if extensive damage exists a 
continued drainage through an enterostomy may be  needed. 